Ireland has seen record levels of economic growth in recent times coupled with rising incomes and increased employment. These prosperous times have seen corresponding growth in the level of weekly household expenditure and labour force participation. As a result, food consumed away from home (FAFH) constitutes an increasingly important part of Irish food expenditure.
1 Between 1987 and 1999/2000 the proportion of total food expenditure allocated to FAFH increased from 14 per cent to 23 per cent. 2 In particular, the quick-service sector is recognised as the fastest growing component. The sector is somewhat diverse in that its components include the branded fast food chains, ethnic takeaways and traditional chip shop takeaways (Mintel, 2001) . The sector has outperformed the wider eating out market in recent times in terms of growing market share at the expense of full service options such as hotel and restaurant meals.
The main objective of this paper is to analyse the factors determining expenditure on quick-service meals by Irish households. One feature of this study is that while previous studies on FAFH in Europe have examined the entire market (Manrique and Jensen, 1998; Mihalopoulos and Demoussis, 2001) , little work has been done on disaggregating the market into its diverse sub-sectors. 3 A second objective is to compare some methodological alternatives which can be used in estimating models of household expenditure at the micro level. A 1 In keeping with most other studies in this area this paper classifies foods 'at home' and 'away from home' based on where the food was prepared or obtained, not where it was consumed (Lin et al., 2001 limited dependent variable models of the kind proposed in this paper is also provided.
The paper is structured into the following sections. Section 2 describes the data and variables used in this study while Section 3 discusses the methodology.
Section 4 compares the performance of the various estimators considered and identifies the most appropriate one for use in this analysis. The results of the model are described in Section 5. The paper concludes with Section 6.
Data and Variables
The data used in this study are taken from the Irish Household Budget Surveys (HBS) of 1994/5 and 1999/2000, collected by the Central Statistics Office of Ireland (CSO) (CSO, 1997; 2002) . 4 In the HBS each household maintains a detailed diary of household expenditure over a two week period. Data on the socio-economic characteristics of household members are also collected. The survey covered a random sample of 7,877 and 7,644 households in both urban and rural areas throughout the state in 1994 and 1999 respectively. Only households whose size is readily identifiable from the HBS are included in this analysis. The records range from single adult households to households with up to four adults with and without children, resulting in a sample size of 7,305 households in 1994 and 7,171 households in 1999.
The dependent variable is household expenditure on quick service meals adjusted for household size using EU adult equivalence scales. 5 The HBS does not report price or quantity data and as a result price is assumed constant across 4 The 1994/5 HBS and the 1999/2000 HBS are hereafter referred to as 1994 and 1999. 5 EU adult equivalence scales give the first adult a weight of 1, each other adult 0.7, and each child under 14 years a weight of 0.5. F o r P e e r R e v i e w 3 each cross-section. As quick-service meals are a relatively homogeneous product it is unlikely that there would be much variation in price. Quality differences are also uncontrolled for due to data limitations.
The theory of household production (Becker, 1965) underpins much of the literature on FAFH consumption. The household is seen as a consuming and a producing unit. The value of the household's time is therefore important as households with a higher opportunity cost of time can be expected to outsource household production such as meal preparation by purchasing time-saving products such as FAFH. In this study, the number of workers employed in the labour force is used as a proxy for household time constraints. 6 Furthermore, the ever expanding commuter belt around urban areas in Ireland and the increase in the length of the average commute to work places greater time pressures on individuals commuting long distances compared with those that do not. A variable representing whether or not the household is a 'commuter' household is therefore also incorporated into this analysis as a second proxy for the opportunity cost of time of the household.
Recent evidence of Irish households' food expenditure patterns has indicated that there are two competing factors influencing expenditure decisions: health knowledge and convenience (Newman et al., 2001; 2003) . In particular, recent media exposure to the health consequences of obesity and diabetes may affect the demand for quick-service foods. FAFH has been found to have lower nutritional quality than food prepared at home across international studies (Binkley et al., 2000; Burns et al., 2001; Guthrie et al., 2002) . In this analysis, the behaviour of 6 It can be hypothesized that the greater the proportion of household members in the labour force the less likely they will have time for food preparation in the home leading to a greater reliance on processed foods and other time-saving choices such as FAFH and quick-service meals. households in relation to the purchase of goods such as alcohol and tobacco, products associated with known health risks, are used to proxy the health awareness of households. Furthermore, it is hypothesised that education levels may have a bearing on the decision to participate in the FAFH market: better educated household managers could be expected to have greater awareness of the health consequences of eating certain types of foods.
Previous empirical research has identified how specific economic and demographic characteristics of the household influence demand for FAFH.
Household size, the presence of children, being resident in urban areas, age and income levels all have been found to be significant factors that should be considered in a study on FAFH expenditure. 7 In analysing food expenditure patterns of households on aggregate we are attempting to explain the expenditure decisions of the household manager, that is the individual primarily responsible for household activities including meal preparation. The HBS, however, does not indicate which household member this is. Following Stewart et al. (2004) , the household manager for single households is defined as the survey respondent while for married couples the household manager is defined as the person who works the fewest hours outside of the home. This approach, while straightforward for households of one adult or a married couple, becomes ambiguous for households of multiple unmarried adults. In these cases the household manager is always the survey respondent.
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Where individual characteristics are used to explain expenditure on FAFH they refer to characteristics of the household manager defined in this way rather than the head of household as has been the 7 See for example, Byrne et al. (1998) , McCracken and Brandt (1987) and Stewart et al. (2004) amongst others. 8 In the HBS the head of household is the oldest person in the household and given that the completion of the expenditure diary is in itself a task indicative of household management the choice of the head of household as the household manager can easily be justified. case in previous studies. All variables used in this analysis are described in Table   1 with descriptive statistics presented in Table 2 .
INSERT TABLES 1 AND 2 ABOUT HERE
Methodology
Cross-sectional data on household expenditure patterns are complicated by the existence of zero observations on expenditure, implying that the relationship between the independent variables and the expenditure variables may be more complex than assumed in conventional regression models. The standard tobit model (Tobin, 1958) 
In the case of expenditure on food items, such as FAFH, we assume that the household's decision to purchase a food item depends on the utility they derive from the consumption of that item. It may be the case that the household dislikes the food item to such an extent that they attach a negative level of utility to it. In such a case, all we would observe in the expenditure data are zero values. As such, the tobit model, which takes account of censoring of this kind in the dependent variable, is appropriate in this case. Standard estimators for these types of models are based on maximum likelihood estimation (MLE). MLE produces consistent estimates of the parameters of the tobit model under appropriate assumptions such as homoscedasticity and the normality of the error terms. The likelihood function of the tobit model can be written as (Tobin, 1958 ):
where and refer to the standard normal cumulative distribution and density functions respectively. The consistency of MLE requires a complete and correct specification of a parametric family of the error distribution. If the model is misspecified, model assumptions must be relaxed, and estimators are needed which remain consistent under more general assumptions. Semiparametric estimators have been developed for this purpose.
Semiparametric estimators are hybrids of parametric and nonparametric approaches. They allow for a more general specification of the nuisance parameters, are more consistent than corresponding parametric models and are typically more precise than their nonparametric counterparts (Powell, 1994) .
However, if the parametric model is correctly specified, they are in general less efficient than the corresponding maximum likelihood estimator (Powell, 1994) .
Semiparametric estimators useful for cross-sectional type analyses include the (Powell, 1984; 1986) . Both are considered in this paper.
The CLAD estimator was first proposed by Powell (1984) . The CLAD model is a median estimator. To make the estimator robust to misspecification problems the sample is reduced eliminating data points and observations that fall outside the uncensored region from the sample (the recensoring step). Least absolute deviations is then applied to the remaining observations (the regression step). Bootstrapping is used to compute the residuals. The CLAD estimator is robust to heteroscedasticity and non-normality and provides consistent estimates in the presence of censored data. The estimator, however, may be less efficient than its parametric alternative depending on the extent to which outliers are a The SCLS estimator was also proposed by Powell (1986) . It is built on the CLAD estimator but uses symmetric trimming. By assuming that the true 10 A number of studies have also considered the Least Absolute Deviations approach, without censoring, as an alternative to the standard parametric models for dealing with censoring finding the former to be superior in most cases. See for example, Fullerton (1998), Yoo (2001) and Yoo et al. (2000) . The coefficients can be estimated by least squares with observations falling outside the uncensored region purged, using the symmetrically trimmed data only to arrive at the SCLS estimator.
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The motivation for using the symmetric trimming approach is that consistency will not be dependent on either homoscedasticity or the known distribution of the error terms (Powell, 1986 ).
Yoo (2003) found that SCLS significantly outperformed standard parametric alternatives in dealing with zero expenditures on mobile communications in South
Korea. Chay and Powell (2001) also used the SCLS estimation to analyse the black and white earnings gap however, they conclude that the CLAD estimator was superior due to its consistency under more general assumptions.
Model Comparison

INSERT TABLE 3 ABOUT HERE
The model of Irish households' quick-service expenditure is estimated using MLE, CLAD and SCLS estimation in econometrics software package STATA S/E Version 8. 12 Estimation of the tobit model using the 1994 data reveals that the semiparametric estimation performs poorly against MLE (Table 3 ). In particular, the results of the model are extremely different when estimated using SCLS compared with the other techniques. While the coefficients have mostly the same sign they diverge considerably in magnitude. For example the coefficient for income estimated using SCLS is 13.076, twice as large as the 11 For consistency, bootstrapping is also used to compute the residuals of the SCLS model. 12 The respective ado files were obtained at http://elsa.berkeley.edu/~kenchay. For consistency, the residuals of the tobit model estimated using MLE are computed using bootstrapping. Newey (1987) proposed a version of the Hausman for testing between semiparametric and parametric alternatives of the censored tobit model. The null hypothesis for the test is that the parametric tobit model is consistent while the alternative is that it is inconsistent indicating the presence of misspecification problems such as heteroscedasticity or non-normality. The CLAD and SCLS estimators will be consistent under both the null and alternative hypotheses as they are robust to such misspecification errors. The test statistic is given by (Newey, 1987) : Table 4 .
INSERT TABLE 4 ABOUT HERE
In all cases the tobit model estimated using MLE is strongly rejected in favour of the semiparametric alternatives. However, as our discussion above revealed, the semiparametric estimates are far inferior to the MLE estimates in efficiency terms, particularly in 1994. We are therefore faced with two options as to how we should proceed: on the one hand we could proceed with the semiparametric estimates accepting the loss in efficiency; or on the other hand we could attempt to adjust the tobit model so that MLE yields consistent estimates.
In this application, the extent of the efficiency loss in using the semiparametric approaches is so great that the analysis proceeds with the latter option.
The maximum likelihood estimates presented in Table 3 , while more efficient than the semiparametric estimates are inconsistent as they are not robust to non-normality or heteroscedasticity. Further testing for these misspecification problems confirms our findings as both homoscedasticity and normality are 
13 The results of a Lagrange Multiplier test for heteroscedasticity, and Pagan and Vella's (1989) moments based test for non-normality are presented in the Appendix. 14 See Newman et al. (2003) for an example of an application of the adjusted model. Likelihood ratio tests imply that the adjusted tobit model is superior to the standard tobit model in modelling quick-service expenditure using Irish data (see Appendix). Adjusted for heteroscedasticity and non-normality the standard errors are dramatically lower than the unadjusted tobit and each of the semiparametric estimators for both of the datasets (Table 5) .
Results
INSERT TABLE 5 ABOUT HERE
The results of the IHS heteroscedastic tobit model are presented in Table 5 .
Income has a positive effect on quick-service expenditure but at a decreasing rate. This is in line with previous results: as households earn more income they purchase more leisure activities, including dining amenities (Byrne et al., 1998; McCracken and Brandt, 1987) . At higher income levels, households move away from quick service consumption potentially toward other full-service options.
Household size has a significantly positive effect on quick-service expenditure though at a decreasing rate. Lazaridis (2002) found that family size had a positive effect on expenditure on takeaway meals and attributed this to the fact that the more members in the household the greater the probability that at least one member will spend on FAFH. Mintel (2004) found that households with The age of the household manager has a negative and statistically significant effect on quick-service expenditure. The negative age effect is common to many studies on FAFH demand that have shown that older households display reduced levels of expenditures compared to younger households. Stewart et al. (2004) found that older U.S. household managers are less likely to frequent quick-service outlets and have a preference for full-service options as they age.
Being a female has a significant and positive effect on quick-service expenditure in 1999. Interestingly this result is in line with that of Mintel (2004) who found that while overall the percentage of adults eating fast foods and takeaways have increased, women have shown a more positive shift than men. It is likely that increasing female labour force participation rates are influencing this result.
Being a married couple has a negative effect on quick-service expenditure.
This result supports the hypothesis that married couples would be more likely to eat food at home as against single couples due to economies of scale and possibly an added value associated with the family meal eating occasion. The results for single households are surprising as they indicate that being in such households has a negative effect on quick-service expenditure. This result is contrary to expectations given that the benefits of preparing one's meals diminish in smaller households. It is possible that an age effect is being observed here as single pensioners are one component of this category of households. In both sets of 15 In contrast, it should be noted that Stewart et al. (2004) found that larger households spend less on all segments of FAFH, supporting their hypothesis that such households benefit from economies of scale in food preparation at home. The results, however, do not bear this out.
Households resident in urban areas have a significant and positive effect on quick-service expenditure. This can be explained by the fact that towns provide greater access to a variety of quick-service outlets compared with rural areas. Jekanowski et al. (2001) showed that increased outlet density of fast food restaurants enhanced the convenience associated with fast foods and thus increased the growth in fast food expenditure. They suggested that most of the growth in fast food consumption is due to an increasing supply of convenience.
Home ownership also has a negative effect on quick-service expenditure.
The act of owning a home can be considered indicative of a household investing time in household production, including meal preparation. Renters on the other hand, not having the same level of attachment to the home, and in all likelihood having more individualistic lifestyles, would be expected to favour quick-service as a convenience option. Manrique and Jensen (1998) found a similar result for Spanish households.
As expected the number of workers is positively related to quick-service expenditure, consistent with the hypothesis that households with high time values will eat out rather than at home to save time. This result is consistent with household production theory as households with higher time constraints would be expected to sacrifice time from household production to engage in other activities (Lazaridis, 2002) . Similarly the coefficient on the commuter variable is positive and significant in both years. The positive relationship between commuters and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 14 the purchase of quick-service can be interpreted as a further demand for convenience products by commuters. With the ever expanding commuter belt in Ireland at present this will undoubtedly have a favourable impact on the quickservice industry into the future.
The result for the health awareness variable highlights how there are two competing forces influencing demand for quick-service: the demand for convenience competes with the demand for a healthier lifestyle. This variable is negative and significant in both survey years indicating that households with high levels of health awareness are less likely to consume quick-service foods. In addition, in 1999, having higher levels of education has a significantly negative effect on quick-service expenditure. This could reflect, as hypothesised, that higher levels of education are consistent with greater levels of health awareness.
On the other hand, as found by Byrne et al. (1998) , this result may reflect the fact that households with higher education levels may be more likely to consume FAFH at up-market facilities rather than at quick-service facilities. A similar result is found for the social class of the household manager with higher social classes spending less on quick-service.
The household appliances were included as they have been found to have significant effects on Irish expenditure on prepared meals (Newman et al. 2003) .
The results are as expected with freezer ownership, a proxy for close substitutes to FAFH expenditure such as prepared meals, having a negative effect on quickservice expenditure and microwave ownership, a proxy for convenience preferences in food preparation, having a positive effect. There is also some evidence of seasonality in the results supporting the inclusion of seasonal dummies. 
Conclusion
The main objectives of this paper were to analyse the factors determining quick-service expenditure in Ireland and in so doing explore semiparametric alternatives to maximum likelihood estimation of tobit models. This study found that there was an efficiency/consistency trade-off when the semiparametric estimators were compared to the unadjusted tobit model. Despite the technical difficulties associated with estimating tobit models in the presence of heteroscedasticity and non-normality, the loss in efficiency suffered in the semiparametric approach was considered too great a sacrifice to make and so we proceeded with an adjusted model. While the findings of this study correspond with most others in terms of the outright rejection of the MLE approach (see for example Chay and Powell (2001) and Yoo (2003) ), in this case the semiparametric approaches were not considered efficient enough to be used as an alternative. This may be due to the larger dataset, more censoring and a greater number of outliers characteristic of the sample used in this study compared with others. Many of the results of the variables examined have the expected sign and most are significant. Household income, household size and urban residents have significant and positive influences on quick-service expenditure. Older families, single households and married couples and households with higher levels of education and health awareness experience reduced expenditure levels. 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Number of persons in gainful employment outside the home Social Class Social1 = 1 for household manager categorised as higher professional, lower professional, employer or manager, 0 otherwise Social2 = 1 for household manager categorised as salaried employee and nonmanual workers, 0 otherwise Base category = household manager categorised as manual worker, farmer, other agricultural worker or fishermen 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
